Abstract: The objective of the present study was to explore the potential relationships of ovine sperm chromatin integrity, quantified using the sperm chromatin structure assay (SCSA), to the heat load of the scrotum and the discomfort felt by the animals because of fluctuations of microclimatic factors at different time periods before ejaculation. Ejaculates were collected once per week from five Chios rams and four East Friesian rams for 12 months and stored in liquid nitrogen. Frozen-thawed semen samples were analyzed using the SCSA, to determine the DNA fragmentation index (DFI) and the percentage of cells outside the main sperm population (%DFI) in each one of the samples. Scrotal surface temperature (SST) of each ram was measured using an infrared thermometer on a daily basis. Ambient air temperature and relative humidity were recorded at hourly intervals throughout the experimental period and temperaturehumidity index (THI) was used to assess the discomfort felt by the rams. Mean values of SST (SST mean) and THI (THI mean) were computed for eight different time periods (up to 61 days) preceding each ejaculation day (Day 0). A linear mixed-effect model analysis was performed to describe the relation of SCSA parameters to collection month, SST mean, and THI mean of different time periods before ejaculation. The results of the statistical analysis revealed a relation of %DFI to the SST mean of the last 12 days preceding ejaculation, namely the period that resembled the phase of epididymal maturation. On the contrary, the variation of DFI was most adequately described by the linear mixed-effect model applied for Days 54 to 48 before ejaculation, which resembled the phase of spermatogonial mitoses. The effect of collection month was significant for DFI and %DFI, with semen samples collected in September and February exhibiting the lowest DFI values; a less profound seasonal pattern was detected for %DFI. The effect of THI mean on DFI and %DFI was proven nonsignificant in regard to all time periods. In conclusion, a relation of SCSA parameters to SST mean of different periods before ejaculation was shown in the present study, implying an effect of scrotal microenvironment on intratesticular and epididymal sperm population. In contrast, we failed to detect any effect of microclimate-induced discomfort felt by the animals on the chromatin integrity of frozen-thawed ram spermatozoa. 
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Three straws of each semen sample were thawed (37˚C, 30 s) and pooled.
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Pooled samples were extended immediately after thawing to a final concentration of analyzing the data set in a way similar to that previously described for the bull [24] . [27], all measurements were performed between 11.00 and 12.00 a. pair-wise manner as described above.
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Relations among semen traits, as well as daily SST, THI and microclimatic 286 factors, were determined by calculating Spearman's correlation coefficient (r s ). Table 1 ). The variation of daily SST followed a 300 distinct seasonal pattern for rams of both breeds (Figure 2 
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Based on the goodness-of-fit criteria, the relation of %DFI was best described 323 by the MLM applied for time period 1 (Table 2) . On the contrary, MLM of time 324 period 7 was found to be the most adequate to describe the relation of DFI to the set 325 of independent variables (Table 2) . The estimated regression coefficients of the fixed effects of the best-fitting
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MLMs applied for each SCSA parameter are presented in Table 3 . DFI and %DFI were negatively related to SST mean of the periods with the best-fitting MLMs (Table   332 3).
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As shown in improve the goodness-of-fit of the applied MLMs in regard to either DFI or %DFI.
337
Month explained a significant part of variation of DFI and %DFI (Table 3) . Pair-wise suffer from a considerable degree of chromatin instability [32] . Results of our study 410 suggest that scrotal microenvironment can interfere with the process of sperm 411 chromatin stabilization in the epididymis; however further experimental data are 412 necessary to support such an assumption.
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The estimated regression coefficients describing the relation of DFI and %DFI
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to SST mean of period 7 and 1, respectively, were found negative. We expected that 
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Apart from SST mean , month was found to explain a significant part of the total 421 variation of the two SCSA parameters, which implies that sperm chromatin integrity 422 is subject to the combined effect of both scrotal temperature and season. Given this 423 finding and the knowledge that ram is a short-day breeder exhibiting the peak of its The results of our study showed that the annual variation of DFI followed a 432 distinct seasonal pattern for rams of both breeds, with semen samples collected in 
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The wave-like seasonal pattern of DFI variation described in our study is not in 
